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Table S1. Some characteristics of the reported OXA-48 structures 

 Crystal Asymmetric    rmsd (Å)  

PDB code form unit contents Space group Unit cell (a,b,c), Å Resolution monomer dimer ref. 

this work apo 1 dimer P212121 70.746, 76.827, 100.044a 1.6 Å - - - 

3HBR apo 2 dimers P21 63.701, 107.185, 80.787, β=111.04° 1.9 Å 0.32 0.37 (1) 

4S2J pH 6.5 2 dimers P212121 64.05, 108.10, 162.81 2.54 Å 0.23 0.27 (2) 

4S2K pH 7.5 2 dimers P32 142.78, 52.42 2.1 Å 0.33 0.36 (2) 

4S2P apo 1 dimer P212121 43.41, 102.87, 124.73 1.7 Å 0.43 0.54 (2) 

4WMC avibactam 4 dimers P21 63.886, 165.465, 108.524, β=90.39° 2.3 Å 0.32 0.35 (3) 

5DVA inhibitor 4 monomersb P212121 91.037, 109.66, 124.241 2.5 Å 0.26 0.31 (4) 

5FAQ inhibitor 1 dimer P212121 72.76, 75.47, 106.97a 1.96 Å 0.23 0.26 (5) 

5HAP S70A 1 dimer P6522 121.9, 161.451 1.89 Å 0.31 0.59 (6) 

5HAQ S70G 1 dimer P212121 72.66, 73.611, 106.36a 2.14 Å 0.21 0.30 (6) 

5OFT R206A 1 dimer P6522 120.151, 160.107 3.2 Å 0.36 0.65 (7) 

5QB4 imipenem 4 monomersb P212121 88.79, 107.5, 124.33 1.95 Å 0.33 0.35 (8) 

6GOA R189A 4 dimers P21 107.726, 85.545, 125.805, β=90.08° 2.55 Å 0.27 0.39 (7) 

a Crystallization buffer contains divalent cation(s) 
b The dimer is formed by crystallographic symmetry 

 

  



Table S2. OXA-48 crystallization conditions 

Screena Composition Space group Unit cell (a,b,c), Å Resolution 

- 0.1 M HEPES pH 7.5, 8% 1-butanol, 10% PEG 8000 P21 63.7, 107.2, 80.8,  β=111º 2.5 Å 

PEG/Ion1 #31 0.2 M LiSO4, 20% PEG3350 C222 80.4, 107.8, 125.5 1.8 Å 

PEG/Ion2 #5 0.1 M Na malonate pH 6, 12% PEG3350 P21 89.7, 108.0, 125.7, β=109.5° 2.1 Å 

PEG/Ion2 #6 0.2 M Na malonate pH 6, 20% PEG3350 P222 81.0, 108.0, 125.7 2.3 Å 

PEG/Ion2 #8 0.2 M Na malonate pH 7, 20% PEG3350 P222 81.4, 107.6, 125.6 2.0 Å 

PEG/Ion2 #13 4% tacsimate pH 6, 12% PEG3350 P222 94.8, 108.5, 125.5 2.5 Å 

PEG/Ion2 #23 0.1 M DL-malic acid pH 7, 12% PEG3350 P21 92.4, 108.5, 124.3, β=96.6° 1.9 Å 

PEG/Ion2 #37 0.06 M citrate/0.06M BTP pH 4.1, 16% PEG3350 P21 83.8, 106.2, 126.3, β=109.3° 2.4 Å 

PEG/Ion2 #42 20 mM CaCl2, 20 mM CdCl2, 20 mM CoCl2, 20% PEG3350 P212121 70.8, 76.8, 100.1 1.6 Å 

a Hampton screen number (www.hamptonresearch.com) 

 

  



TABLE S3. OXA-48 data collection statisticsa 

 Apo Imipenem Meropenem Ertapenem Doripenem 

Beamline BL12-2 BL12-2 BL12-2 BL9-2 BL12-2 

Unit cell, a, b, c (Å) 70.75, 76.83, 100.04 72.13, 76.21, 101.13 73.13, 74.56, 97.97 71.88, 76.82, 101.25 72.60, 76.75, 101.19 

Resolution (Å) 38.4-1.4 (1.43-1.4) 38.1-1.8 (1.84-1.8) 36.6-1.75 (1.78-1.75) 38.4-2.25 (3.32-2.25) 38.4-1.9 (1.94-1.9) 

Reflections 

  - observed/unique 

 

953017 / 72537 

 

384411 / 52357 

 

537328 / 53334 

 

196639 / 27260 

 

329979 / 44627 

Rmeas
b 10.5 (259.1) 10.0 (132.4) 9.8 (140.0) 14.2 (183.6) 14.2 (215.7) 

Rpim
c 2.9 (71.8) 3.6 (48.6) 3.1 (44.5) 5.2 (67.9) 5.2 (82.9) 

I / σI 13.8 (1.7) 10.9 (1.9) 13.3 (1.9) 8.5 (1.4) 10.4 (2.4) 

Completeness (%) 99.9 (99.2) 99.8 (97.3) 97.8 (97.0) 99.9 (99.3) 98.7 (97.0) 

CC½d 0.999 (0.581) 0.998 (0.668) 0.996 (0.781) 0.997 (0.723) 0.995 (0.538) 

Average multiplicity 13.1 (12.7) 7.3 (7.2) 10.1 (9.6) 7.2 (7.3) 7.4 (7.2) 

Wilson B (Å2) 23.9 26.9 23.6 45.6 29.0 

a Numbers in parentheses refer to the highest resolution shell  
b Rmeas is the redundancy-independent merging R factor (9) 
c Rpim is the precision-indicating merging R factor (9) 
d Correlation between intensities from random half-sets of data (10) 

  



TABLE S4. OXA-48 structure refinement statistics 

 Apo Imipenem Meropenem Ertapenem Doripenem 

PDB Code 6P96 6P97 6P98 6P99 6P9C 

Resolution (Å) 38.4-1.4 38.1-1.8 36.6-1.75 38.4 – 2.25 39.1-1.9 

Reflections, work/free 72372 / 3574 52223 / 2698 53295 / 2749 27178 / 1403 44388 / 2254 

Rwork / Rfree
a 0.1838 / 0.2089 0.1721 / 0.2026 0.1886 / 0.2204 0.1984 / 0.2568 0.1942 / 0.2410 

Number of atoms 

  - protein 

  - water 

  - ligands 

 

1992 (A), 2006 (B) 

362 

- 

 

1988 (A), 2000 (B) 

365 

40 

 

2015 (A), 1979 (B) 

283 

52 

 

1974 (A), 1985 (B) 

70 

33 

 

2013 (A), 1983 (B) 

182 

54 

B-factors (Å2) 

  - protein 

  - water 

  - ligands 

 

25.0 (A), 26.9 (B) 

34.1 

- 

 

25.8 (A), 31.8 (B) 

34.6 

44.5 (A), 52.8 (B) 

 

23.2 (A), 28.2 (B) 

30.8 

32.1 (A), 37.6 (B) 

 

42.8 (A), 50.1 (B) 

44.0 

58.7b 

 

28.9 (A), 33.6 (B) 

32.8 

42.0 (A), 51.8 (B) 

rms deviations 

  - bond lengths (Å) 

  - bond angles (º) 

 

0.006 

0.79 

 

0.007 

0.95 

 

0.007 

1.02 

 

0.008 

1.02 

 

0.007 

1.55 

Ligand occupancies (%) 

  - core 

  - tail 

 

- 

- 

 

100 (A), 100 (B) 

75 (A), 83 (B) 

 

100 (A), 100 (B) 

78 (A), 77 (B) 

 

100 (A) 

89 (A) 

 

100 (A), 100 (B) 

80 (A), 57 (B) 

RSCC values for ligandc - 0.82 (A), 0.80 (B) 0.89 (A), 0.79 (B) 0.81 (A) 0.86 (A), 0.67 (B) 

Ramachandran plotd 

  - favored region (%) 

  - outliers 

 

97.1 

2 

 

97.5 

0 

 

97.7 

0 

 

95.4 

1 

 

96.9 

3 

Molprobity Scored 1.11 1.18 1.15 1.40 1.39 

a Rfree was calculated using a test set comprising 5% of the data  
b Ertapenem was built into monomer A only 
c From PDB validation 
d Calculated with the program MOLPROBITY (11)
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Supplementary FIG S1.  Tautomerization of the pyrroline ring of acylated carbapenems. The R 

group attached to the exocyclic sulfur represents the tail group of the various carbapenems (see 

Fig. 1). The R’ group at the C1 carbon is either hydrogen in imipenem or a methyl group in 

meropenem, ertapenem and doripenem. 

 

 

 



 

Supplementary FIG S2.  (A) Ribbon representation of the apo-OXA-48 dimer (monomer A 

pink and monomer B blue), oriented such that the non-crystallographic symmetry (NCS) two-

fold axis is pointing into the page. The two chloride ions in the active site of each monomer (Cl1 

and Cl2) are indicated as green spheres. The third chloride ion (Cl3), which bridges between the 



two monomers, is located on the NCS two-fold axis. The location of the three metal sites are 

shown (calcium colored orange, cadmium colored gray). (B) The apo-OXA-48 monomer A 

structure (pink ribbons) showing the secondary structure labeling. The four metal ions associated 

with this monomer are indicated. Four loops highlighted in the text are colored yellow (the Ω-

loop), red (the α4-α5 loop), cyan (the β5-β6 loop) and blue (the long α3-α4 loop). The location of 

the active site is given by the side chains of Ser70 and Lys73, and by the chloride ion Cl1. 

 

  



 

Supplementary FIG S3. Polder OMIT maps (green mesh) for (A) imipenem, (B) meropenem, 

(C) ertapenem and (D) doripenem. All maps were calculated at the end of refinement using 

PHENIX.POLDER (12), and contoured at 2.5 σ. The final refined models of each carbapenem is 

shown superimposed upon the OMIT maps. 

 

 

  



 

Supplementary FIG S4. The non-hydrolyzed doripenem. (A) Ribbon representation of the 

doripenem-OXA-48 complex showing the location of the non-hydrolyzed doripenem molecule 

as a ball-and-stick model at the upper left. The acylated doripenem in the active site is also 

shown as sticks (lower center). (B) Final refined 2Fo-Fc electron density for the non-hydrolyzed 

doripenem, showing the interactions it makes with residues from the β2-β3 and β6-β7 loops. 

 

 

  



 

Supplementary FIG S5. Molecular surfaces of OXA-23 and OXA-24/40. (A) The surface of 

apo-OXA-23 showing the closed surface between the hydrophobic patch (Leu166 and Val128) 

and the catalytic serine (Ser79). (B) The surface of apo-OXA-24/40 showing the closed surface 

between the hydrophobic patch (Leu168 and Val130) and the catalytic serine (Ser81). (C) The 

surface calculated for the doripenem-OXA-24/40 complex with doripenem removed, showing 

the channel that opens upon rotation of the Val130 side chain. The green sphere marks where the 

carboxylated lysine would be in the deacylation water pocket in an activated enzyme. (D) The 

same surface as in panel (C) with doripenem shown as orange CPK spheres, with the channel 

still partially open and accessible. In all cases the hydrophobic bridge across the active site 

(M221-F110 in OXA-23, and M223-Y112 in OXA-24/40) is evident. 
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